We attempted to replicate the findings of two recent meta-analyses that personality inventory moderates the association between the serotonin transporter gene and anxiety-related traits. A total of 24 studies contributed to the meta-analysis, of which three reported genotype frequencies that deviated from Hardy-Weinberg (HW) equilibrium. We found some support for the view that results depend on the type of questionnaire used, although in a direction opposite to that previously reported. Contrasts between the S/S and L/L groups were significant for TCI/TPQ harm avoidance studies (P ¼ 0.0024) but not NEO neuroticism (P ¼ 0.9757). When studies not in HW equilibrium were excluded the TCI/TPQ result for the S/S genotype still exceeded our 5% threshold, although with reduced significance (P ¼ 0.0082), and the NEO result remained nonsignificant (P ¼ 0.9109). While we cannot rule out an association between the 5HTT gene and anxiety-related traits, particularly for TCI/TPQ harm avoidance, our findings do indicate that the effect, if present, is small. Our results emphasise the importance of complete ascertainment of studies and the identification of relevant sources of heterogeneity. Molecular Psychiatry (2005) 10, 415-419.
It is now accepted that a substantial proportion of variability in human personality is attributable to genetic variation. 1 As theories of personality propose that individual differences in specific traits are associated with individual differences in specific neurotransmitters, a number of candidate genes with known functional effects on neurotransmitter pathways have been investigated. 2 One pathway that has received considerable attention is the serotonin system, which is known to play an important role in emotional behaviour. 3 However, attempts to demonstrate an association between variation in genes involved in serotonin function and neuroticism or harm avoidance, a personality trait believed to reflect inherited differences in emotional response, have yielded inconsistent results.
Even three independent meta-analyses of the large number of relevant publications do not come to a consensus: while Munafò et al 4 found little evidence for an association, both Schinka et al 5 and Sen et al 6 reported that 5HTT-LPR was significantly associated with neuroticism as measured using the class of personality questionnaires derived from Costa and McCrae's 7 five-factor model of personality (NEO-PI, NEO-PI-R, NEO-FFI), but was not associated with harm avoidance as measured using the class of questionnaires derived from Cloninger's 8 tridimensional theory of personality (TCI, TPQ).
The findings of the Schinka and Sen meta-analyses are an important methodological and conceptual challenge to personality genetics. NEO neuroticism demonstrates substantial psychometric form equivalence with TCI/TPQ harm avoidance 9 and, assuming that questionnaire equivalence reflects the measurement of the same underlying biological substrate, each assessment of neuroticism should be associated with the same genetic variants. Failure to provide comparable genetic associations questions the view that different personality measurements measure the same personality trait.
There are a number of differences between the three reports that might explain the inconsistent findings. First, the meta-analyses did not include the same studies for analysis; failure to ascertain all relevant literature for inclusion may seriously undermine any conclusions. 10 The Sen meta-analysis omitted five published studies and one unpublished study that were included in the Munafò meta-analysis, all of which used the TCI/TPQ measure of harm avoidance, while the Schinka meta-analysis omitted three published studies and one unpublished study that were included in the Munafò meta-analysis, all of which also used the TCI/TPQ measure. Since the publication of the Munafò meta-analysis, three relevant studies have been published (which were included in the Sen meta-analysis), while the Schinka meta-analysis included two studies not reported in either the Munafò or the Sen meta-analyses. Second, trait personality and psychiatric case status may have been confounded. Both the Sen and Schinka meta-analysis included studies that recruited participants from psychiatric populations, whereas the Munafò meta-analysis explicitly excluded studies that recruited from psychiatric populations only and, when both psychiatric and control samples were recruited, only included data from normal, healthy controls. Third, the Schinka meta-analysis also only made a comparison across two genotype groups (L/L vs S/L þ S/S), thereby precluding the investigation of different models of gene action (ie additive, dominant, recessive, etc). Fourth, and finally, the Sen meta-analysis transformed the raw score from each study genotype group into a Tscore so that each study had an overall mean score of 50710, in order to ensure that data from all studies was scaled equally. However, these data were then combined using inverse variance methods, which may result in each study contributing near equal weight irrespective of individual study size due to this standardisation. Given that the accuracy of an effect size estimate is proportionate to sample size, and that meta-analytic methods tend to give greater weight to larger studies, it is more appropriate to weigh individual studies accordingly.
We therefore attempted to replicate the findings of the Sen and Schinka meta-analyses that personality inventory moderates the association between the serotonin transporter gene and anxiety-related traits using a more comprehensive ascertainment of studies for inclusion while also enforcing a more stringent exclusion criterion to include only data from nonpsychiatric populations and employing a statistical analysis that enabled a comparison across all genotype groups, weighted by individual genotype group sample size.
Materials and methods

Selection of studies for inclusion
Studies were drawn primarily from the three existing meta-analyses of the association between genetic polymorphisms and personality traits. [4] [5] [6] In addition, the search strategy used in our previous metaanalysis 4 was re-run (24 June 2004) to capture any additional studies published subsequent to this.
Association studies of genetic polymorphisms and personality in healthy adults (aged 16 or over) were included. Studies reporting data on male and female participants of any ethnic origin were included. Personality studies were only included if they used a measure of either NEO neuroticism (ie NEO-PI, NEO-PI-R, NEO-FFI) or TCI/TPQ harm avoidance.
Data from psychiatric populations (including alcoholism and organic disease) were excluded; in cases where a single study included data on both psychiatric patients and normal controls only the data from normal controls was included. In addition, data that appeared in more than one published study was only included once in the analysis.
Data extraction
Data were extracted from papers using a standardised data extraction form by two authors (MM and TC). Discrepancies were resolved by mutual consent. Data extracted included number of participants, mean neuroticism/harm avoidance trait score and standard deviation for each of the three genotype groups (L/L, S/L, S/S) in each study eligible for inclusion. The male/female ratio and predominant ethnicity of the sample was also extracted from included studies. Genotype frequencies were used to calculate whether or not they deviated significantly from HardyWeinberg (HW) equilibrium. In cases where data was not available in the published report in this format authors were contacted directly.
Statistical analysis
Data were analysed using the S-Plus (Version 6.1) statistical software package. The raw score from each study genotype group was converted to a T-score so that each study had an overall mean score of 50710. This conversion ensured that data from all studies were scaled similarly. We estimated the pooled effects of genotype using a weighted mixed (linear) model, with individual study genotype T-scores as the dependent variable, study as a random effect and genotype group as a fixed effect. Sex ratio and ethnicity were included in the model as covariates. Weighting was by the individual genotype group sample sizes. Genotype group levels were S/S and S/L, with L/L as the comparison group. A dominant genetic model was tested by combining the S/S and S/L groups (S/S þ S/L vs L/L), while a recessive model of genetic action was tested by combining the S/L and L/L groups (
Where a single study included data on both questionnaires this was included in each analysis separately. Separate analyses were conducted for NEO neuroticism and TCI/TPQ harm avoidance. Tests of genetic association using a case-control design assume that allele frequencies will be in HW equilibrium. Departures from equilibrium may reflect the presence of population stratification, inbreeding or genotyping error, which will prejudice the association test result. We therefore conducted sensitivity analyses excluding studies with genotype frequencies that deviated from HW equilibrium, as indicated by a w 2 test. Studies were only excluded where there was evidence of departure from HW equilibrium. If there was insufficient data to test for departure from HW equilibrium the study was retained. The power of each individual study to detect departure from HW equilibrium was calculated using simulation methods.
Results
Description of studies A total of 26 studies met our inclusion criteria. In total, 13 studies reported data on NEO neuroticism and 16 studies reported data on TCI/TPQ harm avoidance. This included three studies that reported data on both NEO neuroticism and TCI/TPQ harm avoidance 14, 20, 21 and two studies not reported in either the Munafò , Schinka or Sen meta-analyses. 33, 35 In four studies genotype frequencies deviated significantly from HW equilibrium. 11, 18, 24, 31 In one study 21 there was insufficient data to test for departure from HW equilibrium. In two studies data were not reported in a format that enabled their inclusion in the subsequent meta-analysis 28, 31 and attempts to contact the authors of these studies to request data in an appropriate format were unsuccessful. A total of 24 studies therefore contributed to the meta-analysis, of which three reported genotype frequencies that deviated from HW equilibrium. The characteristics of these studies are described in Table 1 .
Meta-analysis
Since we tested two groups of studies (NEO and TCI/ TPQ) and tested both dominant and recessive models of genetic action, we used P-value of 0.0125 for the 5% significance threshold. We obtained this threshold by using a Bonferroni correction for four independent tests.
A w 2 test did not indicate the presence of betweenstudy heterogeneity in the NEO studies (P40.99); between-study effects of sex ratio (P ¼ 0.1485) and ethnicity (P ¼ 0.8001) were nonsignificant. A weighted mixed (linear) model for NEO neuroticism did not indicate a significant effect of genotype on neuroticism. With L/L genotype as the comparison group neither the effects of S/S (P ¼ 0.5749) nor S/L (P ¼ 0.5288) genotype were significant. The tests of dominant (P ¼ 0.8224) and recessive (P ¼ 0.9180) models of genetic action were nonsignificant. When one study not in HW equilibrium was excluded, the results did not change substantively, with the effects of S/S (P ¼ 0.6665) and S/L (P ¼ 0.6147) genotype, and the tests of dominant (P ¼ 0.9540) and recessive (P ¼ 0.8336) genetic action, all remaining nonsignificant. The effects of sex ratio (P ¼ 0.1534) and ethnicity (P ¼ 0.8721) remained nonsignificant.
Analysis of the TCI/TPQ harm avoidance studies yielded similar findings. Again we found no evidence of between-study heterogeneity (P40.99); betweenstudy effects of sex ratio (P ¼ 0.0813) and ethnicity The weighted mean NEO neuroticism and TCI/TPQ harm avoidance scores across genotype groups for included studies are presented in Table 2 .
Discussion
Our meta-analysis offers some support for the view that genetic association between 5HTT-LPR and anxiety-related traits depends on the type of questionnaire used, although in a direction opposite to that previously reported. Contrasts between the S/S and L/L groups were significant for TCI/TPQ harm avoidance (P ¼ 0.0024) but not NEO neuroticism (P ¼ 0.9757) studies. While these results support the hypothesis of a relationship between 5HTT-LPR and anxiety-related traits measured using TCI/TPQ harm avoidance instruments, they are marginal. When studies not in HW equilibrium were excluded the effect for TCI/TPQ harm avoidance still exceeded our 5% threshold, although with reduced significance (P ¼ 0.0082), while the result for NEO neuroticism remained nonsignificant (P ¼ 0.9109). The test of a recessive model of genetic action for TCI/TPQ measures also remained significant when studies that departed from HW equilibrium were omitted (P ¼ 0.0021). Departures from HW equilibria probably reflect genotyping errors, but are not a very sensitive measure of this source of error. If, as we suspect, our meta-analysis includes additional studies with genotyping errors, then the results we report here are still likely to be biased, although the 5HTT-LPR is no more vulnerable to genotyping error than other markers that are used to detect size differences, rather than sequence differences. At the least, this observation cautions against drawing firm conclusions from the analysis.
Discrepancies between our earlier meta-analysis 3 and two others 5, 6 and the finding that results depend on the questionnaire used (and the direction of any effect), appear to arise from the inclusion of different studies and the employment of different meta-analytic methods. For the present meta-analysis, we have combined the studies captured by three separate meta-analyses 3, 5, 6 and re-searched the published literature. We are confident that we have identified all relevant studies available at the time of writing, and we do not believe our findings are biased by ascertainment or heterogeneity, at least due to sex and ethnicity. The explicit exclusion of data collected on psychiatric samples reduces the possibility of confounding an association between the 5HTT gene and other psychiatric diseases with anxiety-related traits. The inclusion of male/female ratio and predominant ethnicity of individual study samples did not indicate significant main effects of either of these variables, and there was no evidence of significant betweenstudy heterogeneity. The inclusion of three genotype groups in the primary analysis allows the testing of additive, dominant and recessive models of genetic action, while weighting by individual genotype group sample sizes ensures that greater weight is given to larger (ie more accurate) studies.
In summary, while we cannot rule out an association between the 5HTT gene and anxiety-related traits, particularly for TCI/TPQ harm avoidance, our findings do indicate that the effect, if present, is small. Our results emphasise the importance of complete ascertainment of studies and the identification of relevant sources of heterogeneity. 
